A mutant sensitive to colicin M at 300C and tolerant at 420C to high concentrations of colicin M was isolated from Escherichia coli K-12. A temperature shift from 30 to 420C rescued all cells up to the time they started to lyse at 300C (25 min after addition of colicin M). The growth rate at 420C remained unaffected by colicin M. At 420C the cell-bound colicin M was inactivated by trypsin, sodium dodecyl sulfate, and antiserum against colicin M. Ferrichrome competed with colicin M at 420C only during the initial adsorption to the common receptor protein in the outer membrane. Since cells lysed earlier at 300C when they had been preincubated with colicin M at 420C, we conclude that the process leading finally to cell lysis is initiated at 420C and stops at a later stage of colicin M action. From the fact that colicin M became again susceptible to inactivation by trypsin, dodecyl sulfate, and antiserum when cells were transferred from 30 to 420C, we assume that colicin M is translocated from its target site towards the cell surface. The mutation conferring tolerance was mapped close to the rpsL gene.
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The outer membrane of Escherichia coli is usually impermeable to proteins of the growth medium. Even proteolytic enzymes are unable to cut their way through. An exception to this rule are toxic proteins called colicins, which penetrate very effectively into the cell. A few molecules suffice to kill a cell (10, 11, 14, 17) .
Three genes are known which control the uptake of colicin M: fhusA (formerly the tonA gene [9] ), which codes for the receptor protein in the outer membrane (3, 4) ; the tonB gene, whose mode of action is unknown (2) ; and the tolM gene, which confers tolerance to colicin M (1).
Colicin-tolerant mutants bind colicins but remain unaffected (13, 15 (12) .
Preparation of colicin M. Pure colicin M was obtained from the sample previously isolated (3, 16) .
Preparation of antiserum. Pure colicin M in doses of 1 mg on day 1, 0.7 mg on day 17 , and 1 mg on day 32, together with complete Freund adjuvant, was injected subcutaneously into a 7-month-old rabbit (white Russian). Blood (35 ml) was withdrawn after 53 days and stored overnight. The erythrocytes were then removed by centrifugation, and the supernatant was frozen at -18°C. Samples were heated for 30 min at 560C before they were used in the assays. RESULTS Sensitivity of strain K458 to colicin M. At 300C the temperature-sensitive, tolerant mutant showed a 10-fold lower sensitivity to colicin M than the parent strain ( Fig. 1) . (Note the 10-fold higher concentration of colicin M used for the tolerant strain.) At 420C the tolerant mutant was completely insensitive to a colicin concentration of 1 mg/ml. Insensitivity was expressed after the shift from 30 to 420C (Fig. 2 conditions employed), they were completely rescued by the transfer to 420C. Even after the onset of lysis, a portion of the cells could be rescued by the temperature shift from 30 to 420C (Fig. 20) . The same results were obtained when the surviving cells were determined after samples of the culture at 300C were diluted into growth medium at 420C so that no more colicin M could adsorb to the cells and so that desorbed colicin would become inactive (data not shown).
To find out whether colicin M was inactivated when bound to the tolerant cells at 420C, we transferred to 300C cells which had been incubated for various lengths of time with colicin M at 420C. Colicin M remained active at 420C and induced lysis after transfer to 300C (see also Fig.  3) . Interestingly, the longer the cells were kept at 420C the faster they lysed when transferred back to 300C. This suggested not only that colicin M remained bound to the receptor protein at 420C, but that the process culminating in cell lysis was initiated and stopped at a later stage of colicin M action.
Effect of ferrichrome on the action of colicin M. Previously we have shown that ferrichrome prevents cell lysis by colicin M on nutrient agar plates seeded with E. coli AB2847 (6) . In this study we used ferrichrome to see whether it only prevented binding of colicin M to the receptor protein, or whether it also released colicin M from the receptor at 420C. As shown in Fig. 3 (16) . Growing cells of strain K458 at 420C remained completely viable when each of the three inhibitors was added 10, 20, or 30 min after addition of colicin M for a period of 10 min before the cultures were transferred to 30°C (data not shown). Trypsin was used at 250 ,ug/ ml, and sodium dodecyl sulfate was used at 0.1%. The antiserum had been adjusted to a titer that just prevented killing of strain K458 by colicin M at 300C. We conclude from these results that in the mutant at least a portion of the colicin molecule remained close to the cell surface at 420C and was susceptible to inactivation by the inhibitors.
In additional experiments it was determined whether colicin M became exposed again to degradation by trypsin at 420C when cells were first treated with colicin M at 300C, then transferred to 420C, incubated with trypsin for 5 min, and then shifted back to 300C (Fig. 4) . When cells of strain K458 were incubated with colicin M at 300C until shortly before lysis set in (after 20 min) and then transferred to 42°C and treated with trypsin, no cells were killed at the permissive temperature (Fig. 4B ). Without addition of trypsin, cells were killed (Fig. 4E) . When cells were incubated with colicin M for 20 min and then treated with trypsin at 300C, only 20% survived (Fig. 40) . The complete rescue at 42°C suggests that the shift from 30 to 420C displaced colicin M from its target site towards the cell surface so that it became entirely susceptible to degradation by trypsin. The difference in the degree of trypsin degradation could not result from the faster rate of colicin M proteolysis at the higher temperature since the high concentration of trypsin (250 ug/ml) guaranteed full degradation of the accessible colicin. Extension of the incubation time with trypsin to 10 min did not change the results. The inhibitors had no effect on the growth rate and the viability of the cells.
Mapping of the marker conferring temperature-sensitive tolerance. Since the previously characterized mutation conferring tolerance to colicin M was mapped close to the rpsL gene (1), we transduced the rpsL marker of E. coli K-12 AN193 rpsL into strain K458 with phage P1. Of 56 transductants, 7.5% remained colicin M tolerant. One was used to transduce the rpsL marker into E. coli AB2847. Of 23 transductants selected as resistant to streptomycin (100 tg/ml), 91% had also received the temperature-sensitive tolerance marker. The temperature-sensitive mutation therefore maps at or very near the site of the tolerance marker described before (1 The following observations supported the conclusion that colicin M does not remain unreactive at 420C in the form in which it was initially bound to the receptor. During the first 6 min of incubation at 420C, the beginning of lysis was shifted from 25 to 20 min after transfer of the culture to 30°C (Fig. 3) . When cells were kept for 9 min at 420C they started to lyse only 11 min after the temperature shift to 300C, in contrast to the culture maintained at 300C, where lysis set in after 30 min. It is unlikely that the earlier onset of lysis was mainly due to a faster adsorption rate of colicin M at 420C, since the degree of lysis was the same after 3 min and 9 min of incubation at 420C (data not shown).
Different amounts of cell-bound colicin M could not explain the earlier lysis. The results described in Fig. 2 support this conclusion. Cells incubated for 20 min with colicin M at 300C, then shifted to 42°C for 5 min, lysed 6 min earlier when transferred back to 300C than did the culture maintained at 300C. Instead of a delay of at least 5 min, an acceleration was noted in the onset of lysis. The same results were obtained when, upon transfer to 300C, the cultures were diluted 104-fold so that any further adsorption of colicin to cells was negligible.
The toiM gene product could be required to bring colicin M to the target site, or to retain it there. The finding that fluA and tonB but not toLM mutants became sensitive to colicin M upon treatment by osmotic shock (1) is more consistent with the latter hypothesis.
